Marrow donor registry India HLA haplotype HLA alleles Bengali population Stem cell transplant a b s t r a c t Background: Knowledge of allele and haplotype frequencies of the HLA system is not only important in the search for unrelated bone marrow donors but it also provides useful insights to the probable susceptibility and resistance to disease as well as drug tolerance and toxicity in the Bengali population.
Introduction
Bengali language, native to the region of Bengal, is the seventh most commonly spoken language in the world. 1 The Bengal region comprises present-day Bangladesh and the Indian states of West Bengal, Tripura and southern Assam. Marrow Donor Registry India (MDRI) is a database of voluntary unrelated marrow donors and facilitates peripheral blood stem cell transplants for patients with life-threatening diseases such as leukemia, aplastic anemia, etc. MDRI recruits donors, maintains a registry of potential donors and initiate searches for Human Leukocyte Antigen (HLA) typed marrow donors for a patient requiring a stem cell transplant.
Being an Indian bone marrow registry we need to understand the HLA gene composition of people coming from diverse linguistic groups and ethnicities. This knowledge will help researchers understand the HLA composition and probable susceptibility and resistance to disease as well as drug tolerance and toxicity in the Bengali speaking population through known HLA and disease associations.
Aim
To characterize the HLA A, B and DRB1 alleles and haplotypes in a Bengali speaking population registered with MDRI and compare with world haplotypes.
Material and method
All the data on 322 subjects studied, were selected from the MDRI database on the basis of the mother tongue and ancestral native place information provided by the donors on the donor recruitment forms. DNA was extracted from an EDTA e blood sample of the recruited donors, and HLA typing was done using Luminex XMAP technology and Sequence Specific Table 1 ).
The most common haplotypes are as follows: A*33-B*44-DRB1*07 (6.4%), A*01-B*57-DRB1*07 (2.95%), A*24-B*15-DRB1*15 (2.17%), A*02-B*15-DRB1*15 (2.01%), A*02-B*15-DRB1*12 and A*24-B*40-DRB1*15 (1.86%). (see Table 2 ). The common Bengali haplotypes were then compared to the world population are shown in Table 3 .
Hardy-Weinberg test analysis indicated that all alleles at the A-B-DRB1 loci are in equilibrium (p values: 0.1, 0.25, 0.68 respectively). (Table 4) 
Discussion
India is the second most populated country in the world. An amalgamation of various ethnicities, cultures, languages, marriages within communities have resulted in the unique gene pool and HLA frequency pattern. 2e4 HLA genes at chromosomal position 6p21, encodes the six classical transplantation HLA genes and many other factors that hold significant roles in the ordinance of the immune system as well as in some fundamental cellular processes. Matching of HLA at these 6 loci determine the choice of donor and also the ultimate outcome of the stem cell i n d i a n j o u r n a l o f t r a n s p l a n t a t i o n 9 ( 2 0 1 5 ) 2 e6
transplantation. This small segment of the human genome has been linked with more than 100 diseases, including common diseases such as diabetes, rheumatoid arthritis, psoriasis, asthma and several autoimmune disorders.
In this report we wish to talk about the most common HLA A, B and DRB1 alleles found in Indian Bengalis and its relevance with known disease associations.
HLA A alleles and its relevance
HLA-A*01 (A1) is seen in about 11% of the Bengali speaking population. Expression HLA A*01 increases the risk of developing EpsteineBarr virus (EBV)epositive Hodgkin lymphoma (HL). 5 Furthermore, genetic markers closely linked to the HLA-A*01 allele were also proven to be linked with the evolution of acute infectious mononucleosis (IM) upon primary EBV infection. 6 The HLA-A*02, present in 14% of the Bengali speaking population, has been linked with spontaneous abortion in infertile couples. 7 HLA-A*02 stimulates peripheral blood mononuclear cells in a way that suppresses HIV replication resulting in a 9-fold reduced risk of HIV transmission to infants during childbirth.
A*11 is seen in 16% of Bengalis. Ties have been observed between A11 and pulmonary tuberculosis, leprosy, and cytomegalovirus infection with epilepsy. 8e10 A*24 is seen in 19% of Bengalis and has been recognized as a secondary risk factor for myasthenia Gravis 11 and Buerger's disease. 12 A*33 is seen in 20% of the Bengali speaking population, is a common phenotype in Asian populations, but is rare in white populations, is most significantly associated with enterovirus 71 infection. 13 
5.2.
HLA B alleles and its relevance HLA B*07 is one of the common B alleles seen in 5% of Bengalis. It is reported that HLA-B7 along with HLA-DQ8 increased risk for cervical cancer in Asian Indian women. 14 The phenotype frequency of HLA B*27 varies from community to community in India. 15 The Bengali speaking population shows 2% allele frequency of B*27. The first human leukocyte antigen (HLA) haplotype association with inflammatory disease was discovered in 1972, correlating HLA-B27 with ankylosing spondylitis. This remains one of the strongest known associations of disease with HLA-B27. Since then, more than 100 disease associations have been made, including many ocular diseases and systemic diseases with specific ocular manifestations. 16 One study reflects the increased frequency of alleles B*07, B*35, and B*46 in HIV-1-positive subjects, whereas the alleles B*55, B*44 and B*78 were absent in the HIV-infected persons. 17 HLA-B*51 and HLA-B*52, present in 6 and 9% respectively in Bengali speaking population, respectively, are recognized to i n d i a n j o u r n a l o f t r a n s p l a n t a t i o n 9 ( 2 0 1 5 ) 2 e6 be connected with two different vasculitides (HLA-B*51 in Behçet's disease and HLA-B*52 in Takayasu's arteritis (TAK)). 18 
HLA DRB1 alleles and its relevance
HLA DRB1*04 alleles are present in 11% in Bengali speaking population. Patients with early Rheumatoid Arthritis, who are homozygous for DRB1*04 exhibit an elevated inflammatory activity and an increase of joint affections 19 and Pediatric bronchial asthma. 20 HLA DRB1*07 is the second most common allele in a Bengali speaking population (21%). It is most consistently associated with Crohn's disease, that affects any part of the gastrointestinal tract from the oral cavity to the anus. 21 DRB1*15 is the most common HLA allele present in the Bengali speaking population (29%). DRB1*1501 is positively linked with juvenile rheumatoid arthritis, multiple sclerosis, cervical cancer (human papillomavirus infection), Sjogren's syndrome associated with systemic lupus erythematosus and systemic lupus erythematosus. 22e26
HLA haplotypes
Indian haplotypes show some unity in diversity in their HLA gene inheritance. The 10 common haplotypes which were found in Bengali population constitute about 35% average haplotype frequency. This guarantees that any patient with one of this common haplotype will be capable to detect a match much more easily than someone with the rarer haplotypes. Many common haplotypes seen in Bengali are also present in many Asian, African and American populations. Three of ten haplotypes are common between Indian Bengalis and neighboring Bangladesh and Pakistan. All common Bengali haplotypes are seen in Chinese and Asian population registered with the national bone marrow program (NMDP).
The knowledge of allele prevalence in a particular population is important in understanding the disease susceptibility or immunity. Few HLA alleles are specifically associated with drug related toxicity or side effects. These particular alleles if are present in high percentage in the population, new policy to treat these patients should be considered. A few examples of drug related alleles are mentioned discussed below.
Carbamazepine (CBZ) is one of the most frequently used anticonvulsants in adults and children for the treatment of epilepsy, trigeminal neuralgia, and bipolar disorder. HLA B*15 seen in 15% of the Bengali speaking population has been reported to be associated with occurrence of hypersensitivity reactions, including rare but life-threatening Stevens-Johnson syndrome (SJS) and drug-induced hypersensitivity syndrome (HSS) limits the use of the anticonvulsant carbamazepine (CBZ). HLA-B*15: 02 was associated with CBZ-SJS (OR: 38.6, p ¼ 0.002). 27, 28 Allopurinol is a drug used to treat gout (which is a form of arthritis caused by uric acid in the joints). HLA-B*5801, is associated with an increased risk of severe skin reactions in people treated with allopurinol. B*58 (5%) is seen in Bengalis. 29 Abacavir is a common drug used in a treatment for HIV-1 that slows the spread of the virus in the body. Among people with human immunodeficiency virus (HIV) infection, a version of HLA-B designated HLA-B*5701 is associated with an extreme sensitivity abacavir. HLA B*57 is seen in 6% Bengalis. People with abacavir hypersensitivity often develop a fever, chills, rash, upset stomach, and other symptoms when treated with this drug. 30 The HLA alleles and haplotypes of the normal Bengali speaking from India has not been studied in detail so far. 31 This literature will help other researchers in understanding the HLA composition of Bengalis in India and serve as a normal range for various references henceforth. Being bone marrow registry, knowledge of the difference in HLA allele percentage and unique haplotype patterns in this group reveals the closeness in HLA genes in various populations, especially from Asia and this will facilitate further exchange of donors to aid patients looking for bone marrow transplants. The knowledge of drug hypersensitivity in Bengalis with HLA B*15, B*57 and B*58 will redefine treatment options by treating physicians.
The knowledge of haplotypes will help MDRI understand the HLA genetics of our population and help us find suitable matched donors for the patients from across the world in need for transplant. The present match rates for Indian patients searching the NMDP USA database (over 11 million donors, including DKMS) were 39.7% at the 8/8 allele level (A, B, C, DRB1 high-resolution) and 92.2% at the 7/8 level. The match rate within India at the current registry sizes of 13.7% at the 8/ 8 level and 38.2% at the 7/8 level. 32 This reflects only about 13e38% of Indian patients get the access to treatments like bone marrow transplants. Bone marrow registries in India face many challenges, 33 these need to be overcome in order to accommodate the maximum number of patients to find a matched unrelated donor.
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